Florida. Also, effective diagnosis is essential to other areas of RSD research. Fluorescent-antibody staining was more accurate for detecting the RSD bacterium in xylem sap extracts from sugarcane than was phase-contrast microscopy or isolation in culture. Concentration MATERIALS AND METHODS of fluorescent antibody-stained bacteria on the surface of polycarbonate membrane filters (0.2-A.m Mat s of MeTcon S pore-size) by filtration before examination by epifluorescent microscopy resulted in a sevenfold to Plants of sugarcane clone CP 53-1 were eightfold increase in sensitivity of detection compared with the usual method of staining dried sap grown from cuttings that had been samples on the surface of microscope slides. When phase-contrast microscopy, isolation in culture inoculated with crude juice from RSDby the dilution-plate technique, and fluorescent-antibody stains on membranes (FASM) were infected sugarcane (10). Plants were compared, 95 of 120 (79%) samples from 20 commercial sugarcane fields were determined to be grown in plastic pots in a greenhouse for infected with the ratoon stunting disease (RSD) bacterium by at least one of these diagnostic 6-8 mo before use in preliminary techniques, and about 20% more infections were detected by FASM than by the other two comparisons of diagnostic techniques. techniques. The frequency of detection of the RSD bacterium in the commercial fields by FASM Further tests were made with sugarcane was 18% greater on 26 October 1982 than on 1 September 1982, with 53 of 60 (88%) samples having bacteria in October. Only plant crops were examined and the RSD bacterium was detected in plants samples from experimental or commercial from all fields. Both incidence of RSD and the average population of the RSD bacterium in sap fields. Only the first crop of each field extracts varied among sugarcane clones, planting was sampled.
clones. Stalks of clones CP 59-22, CP small, xylem-inhabiting, coryneform have shown that RSD causes significant 65-357, CP 70-1133, CP 72-1210, and CP bacterium (2,7,22) . The only external yield losses in some clones in Florida 72-2086 were first heat-treated (23) to kill symptom of the disease is stunting, which (5,23); however, virtually nothing is any naturally occurring RSD bacteria alone is not characteristic of RSD.
known about the effects of RSD on before inoculating (2) a portion of singleVascular discoloration, an internal commercial sugarcane production. bud cuttings from the stalks with the F-I symptom, has been used in diagnosis, but Because RSD cannot always be strain of the RSD bacterium isolated this symptom may be ephemeral or diagnosed accurately in the field, from a plant of CP 53-1 in the earlier absent in some clones (10, 20) . Thus, the laboratory techniques to determine the experiment. In January 1984, single-stalk incidence and, consequently, the imporpresence or absence of the causal samples were taken from five inoculated tance of RSD in commercial production bacterium in xylem sap extracts from the plants and one uninoculated plant of each is difficult to assess.
host have been developed. Light (7) and of the five clones in each of the four In areas of the world where sugarcane electron (21) microscopy alone or experimental fields. is periodically subjected to water stress, combined with specific serological Commercial fields were sampled to yield losses caused by RSD may occur in techniques, including fluorescent-antibody compare diagnostic techniques and to clones otherwise tolerant to the disease staining (11) and serologically specific determine the incidence of RSD in (19). Heat treatment and use of RSDelectron microscopy (1), have been used commercial sugarcane. Single-stalk tolerant clones is often practiced for RSD for RSD diagnosis. Fluorescent-antibody samples were collected from three plants control where losses caused by RSD are staining is 10-100 times more sensitive in each commercial sugarcane field on 1 readily noticeable (20) ethanol for 1-2 min, then dipped in 90% diameter with 0.2-gm pores were used PBS containing 0.02% sodium azide. The ethanol and flamed. Metal instruments (12). The filters were stained overnight conjugate had an FITC-to-protein were similarly sterilized between samples.
with an alcoholic solution of Sudan black absorbance ratio, A 490 / A 280 , of 0.9 and a A single, undamaged internode was B (0.007%) to provide a suitable dilution titer of 320 against the LIA selected from each stalk, and a portion background (26), then briefly rinsed With strain in direct fluorescent-antibody tests (3-4 cm) was excised with pruning shears.
deionized water and air-dried. A Swinnex on taxoplasmosis slides. The conjugate This sample was placed with the apical filter unit (Millipore Corp., Bedford, was stored at 4 C. Immediately before use, end down in a sterile, 50-ml, conical-MA) was used to support the polycarbothe conjugate was diluted 40-fold with bottom, centrifuge tube. If an internode nate filter and a 0. 4 5-pm pore-size nitro-PBS and filtered through a 0.2-gm poresample was too large to fit easily in a cellulose filter (Gelman, Ann Arbor, MI) size Acrodisc membrane filter apparatus centrifuge tube, a longitudinal core was placed under the polycarbonate filter (Gelman). removed with a 2.5-cm-diameter cork to prevent aggregation of cells and debris borer was used. Samples were centrifuged over pores in the membrane support. A RESULTS AND DISCUSSION at 6,000 rpm for 5 min, and the sap 5-ml syringe was used to provide positive Sensitivity, specificity, and reliability extract was saved. Extracts were pressure for filtration. After filtration, are primary factors determining the sometimes stored in sealed tubes at -20 C the polycarbonate filter, while still moist, accuracy of all diagnostic techniques for for a few days before examination by was carefully transferred to a microscope plant diseases including RSD. The diagnostic techniques not requiring slide and a small drop of low-fluorescence sensitivity of each diagnostic technique viable bacteria.
immersion oil (Olympus Corp. of employed in this study was limited by the For isolation of the RSD bacterium in America, Lake Success, NY) was used to volume of sap actually sampled (Table 1) . culture, fresh sap extracts were immedgently mount a coverslip on the filter. The Sensitivity can also be affected by iately placed on SC agar by the streaksurface of the filter was then examined for bacterial viability when diagnosis plate or dilution-plate techniques (2). For stained bacteria using epifluorescent involves isolation in culture. Sugarcane phase-contrast examination, 5 /A of sap microscopy at X1,200. clone CP 53-1 is very susceptible to RSD was placed on a microscope slide, covered
The FITC-IgG conjugate for direct and supports the development of with a coverslip (18 X 18 mm) and fluorescent-antibody staining was prerelatively high populations of the RSD examined at X1,000. Taxoplasmosis pared with rabbit antiserum produced bacterium (8). When we examined sap slides (Bellco Glass Inc., Vineland, NJ) against whole cells of the L1A strain of extracts of CP 53-1, all 45 test plants were with eight 6-mm wells were used for the RSD bacterium from Louisiana. determined to be infected by the indirect ordinary fluorescent-antibody tests by Cells of the bacterium were removed fluorescent-antibody staining test. indirect or direct staining (16). A 5-yl from the surface of heavily inoculated SC Bacteria resembling the RSD bacterium sample of sap was applied evenly to each agar (2,6) after 10-14 days of incubation were seen in 40 of these same 45 extracts well then air-dried, and heat-fixed, at 28 C. The cells were washed twice with when phase-contrast microscopy was Indirect stains were performed using PBS bycentrifugation and resuspended in used. Attempts to isolate the RSD antiserum provided by A. G. Gillaspie as PBS at about 5 X 10 0 cells per milliliter. bacterium in culture from the extracts described previously (3,11). Direct stains
The suspension was stored frozen at -20 resulted in 38 and 36 successful isolations, were performed using slides coated with C until used for immunization, respectively, when the dilution-plate and air-dried gelatin (1% solution).
Inject antigen was prepared immediately streak-plate techniques were used. A new direct immunofluorescent before use by emulsifying 1.2 ml of cell Populations of the RSD bacterium in the staining technique being developed for suspension with an equal volume of extracts averaged 7.5 X l0' cfu/ml and both detection and microscopic Freund's complete adjuvant (Difco ranged from 9 X 105 to 6 X 108 cfu/ml. enumeration (M. J. Davis, unpublished) of Laboratories, Detroit, MI). During 1 Both overgrowth with faster-growing the RSD bacterium was used as only a day, multiple injections of the inject bacterial contaminants and growth diagnostic technique in this study.
antigen were used to immunize a New inhibition apparently caused by diffusable Acridine orange direct-count (AODC) Zealand white rabbit. Twenty equally products of some but not all of these methods (14) and direct fluorescentspaced intradermal injections in the sides contaminants adversely affected isolation antibody staining methods (16) were and back consisting of 0.05-0.10 ml of of the slow-growing RSD bacterium. On adapted for this diagnostic technique.
emulsified antigen per site and intradilution plates, contaminants were less The AODC technique uses acridine muscular injections of 0.25-0.50 ml of frequent at high dilutions, and apparently orange, a DNA-binding fluorochrome, emulsified antigen placed in each hip for nonspecific staining of aquatic were given. Blood was collected 22 days bacteria and involves microscopic later, and antiserum with an agglutination pure cultures of the RSD bacterium were an estimated sevenfold increase in the healthy and ratoon stunting-diseased often obtained, number of fluorescent-antibody-stained sugarcane, FASM was more effective for Improved media formulations, possibly bacteria in each microscope field was detecting infections with the RSD selective for the RSD bacterium, or better predicted by comparing relative volumes bacterium than direct fluorescentsurface-sterilization procedures for the of sap sampled ( When the RSD bacteria were concensensitivities of the two techniques. (87%) negative when they disagreed with trated on the surface of membrane filters In tests conducted with samples those of one or both of the fluorescentrather than fixed to taxoplasmosis slides, collected from experimental fields of antibody techniques, indicating that phase-contrast microscopy was the least sensitive of the three techniques. There Table 2 . Observed frequencies for possible combinations of results of diagnoses of ratoon stunting was 85% agreement between the results of disease of sugarcane from experimental fields using fluorescent-antibody staining on membranes the two fluorescent-antibody techniques, (FASM), fluorescent-antibody staining on slides (FASS), and phase-contrast microscopy and the FASM results were positive in 14 of 15 instances when these results RSD bacterium in sugarcane so that Table 5 . Population of the ratoon stunting disease bacterium in fibrovascular sap extracts from diagnoses can be performed when field collected sugarcane clones grown in Florida populations are at appropriate levels. Phase-contrast microscopy, isolation No. of positive Average b hedlon -pat tc hnique, an Date Clone isolationsy colony count/mlz b y th e d ilu tio n -p la te te c h n iq u e , a n d I S p e b r 1 8 P samples, whereas results of the culture averages. Average counts followed by the same letter for the same date were not significantly and phase-contrast techniques agreed for different (Waller-Duncan k-ratio t test; k = 100). 87 and 86% of the samples, respectively.
